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Abstract
Very high-energy gamma-ray measurements of distant blazars can be well explained by secondary gamma rays emitted by cascades
induced by ultra-high-energy cosmic rays. The secondary gamma rays will enable one to detect a large number of blazars with future
ground based gamma-ray telescopes such as Cherenkov Telescope Array (CTA). We show that the secondary emission process will
allow CTA to detect 100, 130, 150, 87, and 8 blazars above 30 GeV, 100 GeV, 300 GeV, 1 TeV, and 10 TeV, respectively, up to
z ∼ 8 assuming the intergalactic magnetic field (IGMF) strength B = 10−17 G and an unbiased all sky survey with 0.5 hr exposure
at each Field of View, where total observing time is ∼ 540 hr. These numbers will be 79, 96, 110, 63, and 6 up to z ∼ 5 in the case
of B = 10−15 G. This large statistics of sources will be a clear evidence of the secondary gamma-ray scenarios and a new key to
studying the IGMF statistically. We also find that a wider and shallower survey is favored to detect more and higher redshift sources
even if we take into account secondary gamma rays.
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1. Introduction
Current imaging atmospheric Cherenkov Telescopes
(IACTs) have already found ∼140 very high-energy (VHE;
above 100 GeV) gamma-ray sources, including ∼50 blazars up
to redshift z ∼ 0.5 1. Very recently Furniss et al. [1] reported
the redshift lower limit of z > 0.6035 for the VHE gamma-ray
blazar PKS 1424+240 and Tanaka et al. [2] reported detec-
tion of two VHE gamma-ray photons from the blazar PKS
0426-380 at z = 1.1 using the Fermi gamma-ray telescope
(Fermi). Blazars, a class of active galactic nuclei (AGNs),
are the dominant population in the extragalactic gamma-ray
sky. VHE gamma rays propagating through intergalactic space
are attenuated by photon-photon pair production interaction
(γγ → e+e−) with photons of the extragalactic background
light (EBL) from far-infrared to ultraviolet wavelengths, see,
e.g., Refs. [3–6]. Recent studies have detected attenuation of
gamma rays on EBL [7–9], using a dataset dominated mostly
by optical depth of the order of 1. However, distant blazars
appear to have harder spectra than one would expect from
simple gamma-ray emission models [5], as well as a redshift
dependence of the observed spectral index that is different
from what was expected [15, 32], although a large uncertainty
remains in the measured redshifts and spectral indeces [16].
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This has prompted a number of exotic scenarios based on
hypothetical axion-like particles [12–14] (different from the
QCD axion), as well as Lorentz invariance violation [17, 18] as
possible explanations of the spectral hardening.
An alternative interpretation is the cascade emission from
high energy protons propagating through intergalactic space.
Since AGN jets are believed to be powerful sources of cos-
mic rays, protons generated in AGN jets can interact with the
EBL via the reactions pγ → ppi0 and pγ → npi+. Pions
quickly decay into high energy photons and electrons. Further-
more, the high-energy protons can interact with the cosmic mi-
crowave background (CMB) photons via pγ → pe+e−. Both
of these channels initiate electromagnetic cascades distributed
uniformly along the line of sight, and the highest energy gamma
rays produced relatively close to the observer are not attenuated
significantly by the EBL. Interactions of high-energy protons
with the photon backgrounds along the line of sight can produce
point images of sources observable by IACTs, as long as the
intergalactic magnetic fields deep in the voids are in the fem-
togauss range [19]. The observed fluxes are comprised of two
components: primary gamma-ray flux produced at the source
or in the subsequent electromagnetic cascade (not including any
cosmic ray interactions), and secondary gamma-ray flux, which
arises from line-of-sight interactions of cosmic rays. This sec-
ondary gamma-ray scenario can reproduce the observed spectra
of distant blazars remarkably well [10, 20–26].
It is expected that the next generation IACT, Cherenkov Tele-
scope Array (CTA) [27, 28], will be able to detect a large
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number of blazars with an extragalactic blank field sky survey
[29, 30]. A statistical study of VHE blazars in the CTA era
will provide a crucial key to understanding of AGN popula-
tions and high-energy phenomena around supermassive black
holes in AGNs. However, the expected number of blazars to
be observed above 1 TeV is limited by both the observational
time and the interactions with the EBL [29, 30]. The purpose
of this paper is to consider the impact of the secondary gamma
rays on future blazar surveys by CTA [see also 31], since sec-
ondary gamma rays avoid significant EBL attenuation at ener-
gies above 1 TeV [21, 32].
For this purpose, the blazar gamma-ray luminosity func-
tion (GLF), primary spectral energy distribution (SED), and
secondary gamma-ray SED are needed. The blazar GLF
has been studied in detail in many papers [29, 33–36]. In
Refs. [29, 34, 36] blazar GLFs were constructed taking into
account the blazar SED sequence [37–39], in which the syn-
chrotron and inverse Compton (IC) peak photon energies de-
crease as the bolometric luminosity increases. These models are
in good agreement with the Fermi data, and they allow one to
predict blazar evolution at any wavelength by incorporating the
GLF with SED. In this paper, we use the model of Ref. [29] to
predict the expected number and redshift distributions of VHE
blazars in future CTA blank field sky surveys. We adopt sec-
ondary gamma-ray spectral models of Ref. [40] with the EBL
model of [11] assuming the range of parameters that can explain
the known hard TeV blazars.
This paper is organized as follows. We introduce GLF mod-
els and blazar SEDs, as well as the model of VHE gamma-ray
absorptions by EBL in section 2. In section 3, we study the im-
pact of the secondary gamma rays on future VHE sky surveys
assuming certain observing modes. Our results are summarized
in section 4. Throughout this paper, we adopt the standard val-
ues of cosmological parameters (h,ΩM,ΩΛ) = (0.7, 0.3, 0.7).
2. Model Description
2.1. Blazar Gamma-ray Luminosity Function and Primary
Spectrum
In Refs. [34] and [29] a blazar GLF model was developed for
luminosity at 100 MeV Lγ,100MeV based on the latest determina-
tion of X-ray luminosity function of AGNs [41, 42], featuring
the so called luminosity dependent density evolution. Another
new feature was taking into account the blazar SED sequence.
Blazar sequence is a feature seen in the mean SED of blazars
that the synchrotron and IC peak photon energies decrease as
the bolometric luminosity increases [37–39, 43]. The key pa-
rameters in GLF have carefully been determined to match the
observed flux and redshift distribution of EGRET blazars by
a likelihood analysis. The predicted extragalactic gamma-ray
background (EGB) spectrum [29] including contributions from
Seyferts [44] and radio galaxies [45] are in good agreement
with the EGB spectrum reported by Fermi [46, 47]. Predicted
blazar GLF [29] reproduces the local GLF of flat-spectrum ra-
dio quasars (FSRQs) well [35], although it slightly underesti-
mates the number of FSRQs at z & 1.
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Figure 1: Relation between Lγ,100MeV and Lγ,bol for [29, black solid].
In Ref. [36] a blazar GLF was constructed based on Fermi
blazar samples following the method of Inoue and Totani [34],
with the constraints using the cumulative source count distri-
bution and the EGB anisotropy measurements [48]. Although
Fermi blazar samples were included, the GLF model does not
reproduce the observed Fermi FSRQ GLF even at local red-
shifts. This may be due to uncertainties in the redshift distri-
bution of observed blazars, which affect parameters of GLFs.
However, we note that about a half of Fermi BL Lacs lack the
redshift information [49]. Therefore, it is by no means straight-
forward to include the redshift information of Fermi blazars
when one attempts to construct a blazar GLF from Fermi sam-
ples.
In this paper, we utilize GLF model of Ref. [29]. The key
parameters of the blazar GLF are (q, γ1, κ) = (4.50, 1.10, 1.42×
10−6), where q is the ratio of the bolometric jet luminosity and
the disk X-ray luminosity, γ1 the faint-end slope index of GLF,
and κ is a normalization factor of GLF.2 We set minimum and
maximum of Lγ,100MeV as 1043 erg s−1 and 1050 erg s−1 as in
Ref. [29].
2.2. Secondary Gamma-ray Spectrum
AGNs are believed to produce ultra-high-energy cosmic rays
[50]. For energies below Greisen–Zatsepin–Kuzmin (GZK)
cutoff, pion photoproduction on CMB photons does not oc-
cur, and the cosmic rays can propagate cosmological distances
without interacting with ambient photons. The deflection of
their trajectories depends on the intergalactic magnetic fields
(IGMF). The strength of the IGMF is by and large uncon-
strained. Theoretical models assuming the dynamo origin of
galactic magnetic fields require primordial seed fields of B >
10−30 G [51], which can be considered as a theoretical lower
limit, while the observational upper limit from Faraday rota-
tion is B < 10−9 G [52, 53]. Recent gamma-ray observations
derived the lower limits that vary from 10−20.5 G to 10−15 G
2See Section. 3 of Ref. [34] for details.
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[19, 54–56], depending on the assumptions. From the simula-
tion of large-scale structure formation, the upper limit on the
IGMF has been set as 10−12 G [57]. Blazar spectra provide a
way to measure IGMFs if the cosmic-ray contribution is taken
into account [19]: the best-fit blazar spectra require IGMFs in
the range (0.01 − 10) × 10−15 G. The upper limit ensures rec-
tilinear propagation of cosmic-ray protons.3 The lower limit
improves the fit to the low-energy part of the blazar spectra.
In this paper, we consider two representative values of IGMF
strengths: B = 10−17 G and B = 10−15 G.
Although AGNs are expected to accelerate cosmic rays, the
spectrum of cosmic rays produced by AGNs are ambiguous.
Fortunately, the spectra of secondary gamma rays show almost
no sensitivity to variations of the proton injection spectrum [20,
21]. We assume the following form of the proton spectrum [40]:
jp(E) ∝ E−α exp(−E/Ep,max) exp(−Ep,min/E), (1)
where we set α = 2.0, Ep,min = 0.1 EeV, and Ep,max = 1 EeV.
This injection spectrum of protons is among the possibilities
that reproduce the blazar spectra [10, 20]. For the secondary
gamma-ray calculation, we use the numerical code [40, 58].
Our calculation is based on kinetic equations; it calculates the
propagation of nucleons, stable leptons and photons using the
standard dominant processes, i.e. pion production by nucleons,
pair production by protons and neutron β–decays. For electron-
photon cascade development, it includes pair production and
IC scattering. To model the effects of IGMFs, we mimic deflec-
tions in electromagnetic cascades by assigning a finite lifetime
to the cascade electrons, assuming that the magnetic field corre-
lation length is always higher than the electrons mean free path
(i.e. lcor > 0.1 Mpc) and using the angular resolution of CTA
with array E [27]. While this is a simplification, the results can
be tested against the full Monte-Carlo calculations of Essey et
al. [19], and they agree sufficiently well for our purposes.
Secondary gamma-ray flux depends on the proton luminos-
ity. Jet power of blazars detected by Fermi during its first 3-
month survey was studied in Ref. [59]. Based on that study, it is
expected that the bolometric proton luminosity, Lp,bol, is a fac-
tor of∼ 10−100 larger than the bolometric radiation luminosity,
Lγ,bol for FSRQs, while Lp,bol ∼ Lγ,bol for BL Lacs. However,
it is assumed that electron and positron pairs in jets are negli-
gible. Although pure pair jet models are excluded from X-ray
observations of FSRQs [60] and pairs may not survive the anni-
hilation in the inner, compact and dense regions [59, 61], there
is still room for pairs in the jet, based on the energetics argu-
ments [60, 62, 63]. In this paper, to be conservative, we assume
that Lp,bol = Lγ,bol. We use the blazar sequence SED to estimate
Lγ,bol from Lγ,100MeV as shown in Figure 1.
In this paper, we adopt the most recent EBL model [11]
which constructed EBL based on a semi-analytical galaxy for-
mation model. Inoue et al. [11] successfully reproduce both
galaxy evolutionary data and the reionization by taking into ac-
count the entire stellar population, including first stars. Various
3See also Refs. [23, 24] for discussion of the effects of filaments and clus-
ters.
experiments have directly observed the EBL at various wave-
lengths [e.g. 64–72]. However, direct measurements of the EBL
in the optical and near infrared (NIR) bands have been ham-
pered by bright foreground emission caused by interplanetary
dust, the so-called zodiacal light [see 73, for reviews]. Re-
cently, Matsuoka et al. [71] reported measurements of the EBL
at 0.44 µm and 0.65 µm from outside of the zodiacal region us-
ing observational data from Pioneer 10/11. On the other hand,
integration over galaxy number counts provides a firm lower
bound on the EBL, and the observed trend of the counts with
magnitude indicates that the EBL at z = 0 has been largely re-
solved into discrete sources in the optical/NIR bands [74–76],
even when the effect of incomplete detection due to cosmolog-
ical dimming of surface brightness is taken into account [75].
Combined with the lower limits from galaxy counts, the total
EBL intensity at z = 0 from 0.1 µm to 1000 µm is inferred to
lie in the range 52–99 nW m−2 sr−1 [77]. Theoretically, a num-
ber of EBL evolution models have been proposed [11, 78–92].
All of these EBL models are in good agreement with the blazar
data when secondary gamma rays are included [21]. The choice
of EBL model affects the electromagnetic cascade and changes
the implied normalization of the secondary flux in Eqns. (3)-(4)
below by a factor of order one.
3. Results
A blank field sky survey is the most fundamental mode of
observing the sky in an energy band, free from any preselec-
tion biases, except for the flux limit of the survey. For CTA,
various survey designs are possible for a fixed amount of the
total observation time, changing the survey area and exposure
time for each field of view (FoV) [e.g. 29, 30]. The depen-
dence of source counts on the key parameters of the survey –
FoV, θFoV, observing time per FoV, tFoV, total observing time,
tobs – can be estimated analytically [30]. The total source count
N[> F(tFoV)] above a certain flux limit F is
N[> F(tFoV)] ∝ AobsF(tFoV)−n ∝ tobsθ2FoVt−(1−n/2)FoV , (2)
where Aobs is the total survey area with a fixed time tobs and n
is the slope index of the cumulative source count distribution.
We assume that flux limit scales as the inverse square root of
observation time. The flux of primary gamma-rays scales with
distance d as
Fγ,primary ∝ d−2 exp(−d/λγγ), (3)
where λγγ is mean free path of pair production on EBL. Ne-
glecting evolution and pair production on EBL one can obtain
n is 1.5 in the Euclidean universe because N ∝ d3 ∝ F−3/2.
Then, N[> F(tFoV)] ∝ tobsθ2FoVt−0.25FoV . Due to EBL attenuation
effect as well as the cosmic expansion and evolution of sources
n generally becomes smaller at fainter flux. Therefore, a wide
and shallow survey is favored to detect more sources.
Secondary gamma rays change this relation. In contrast to (3)
the flux of secondary gamma rays with distance d is approxi-
mated as [21, 32]
Fγ,secondary ∝
{
d−1 (d ≪ λγγ),
d−2 (d ≫ λγγ), (4)
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Figure 2: Expected cumulative source counts as a function of the integral gamma-ray flux of VHE blazars with a blank field sky survey. The five panels correspond
to different photon energies, as indicated in the panels. Solid, dashed, dotted, and dot-dashed curve corresponds to a model without EBL, with EBL, with secondary
gamma rays (B = 10−17 G), and with secondary gamma rays (B = 10−15 G), respectively. The CTA 5σ, 50 hr detection limit with array E is also shown [30].
Then, n becomes 3.0 at d ≪ λγγ and n = 1.5 at d ≫ λγγ. In
the first case N[> F(tFoV)] will be proportional to tobsθ2FoVt0.5FoV.
This suggests a narrow and deep survey is favored to detect
more sources. However, we note that n may be smaller than 3
due to the cosmic expansion and the evolution effects. In any
case we expect more sources assuming the secondary compo-
nent dominates the gamma-ray flux, although flux from nearby
sources is dominated by the primary flux.
Figure 2 shows the cumulative source count distributions in
the entire sky above five energy thresholds (30 GeV, 100 GeV,
300 GeV, 1 TeV, and 10 TeV). The CTA 5σ, 50 hr detection
limit with array E is also shown [30]. Absorption of blazar spec-
tra by the EBL is taken into account using [11] and secondary
gamma rays is also taken into account using [40]. When we
do not take into account secondary gamma rays, the expected
source counts are rapidly flattened at fainter flux and decrease
at higher energy band due to the EBL attenuation effects. This
is in agreement with results of Ref. [30].
Let us consider an all sky survey with 50 hr exposures of
each FoV. When we consider the effect of the EBL attenuation
only, the expected number of blazars are 350, 340, 240, 100,
and < 1 above 30 GeV, 100 GeV, 300 GeV, 1 TeV, and 10 TeV,
respectively. Once we take into account secondary gamma rays,
these numbers will increase as 720, 840, 760, 460, and 93, and
630, 650, 530, 360, and 72 for the case of B = 10−17 G and
B = 10−15 G, respectively. Due to the magnetic deflection, the
expected number of blazars is highly affected by the magnetic
field strength especially at . 1 TeV. It will be difficult to explain
such a large number of blazars at > 1 TeV by the evolution or
the EBL modeling. Evolution at each energy band should be
similar and the gamma-ray horizon where gamma-ray opacity
becomes unity is typically at z ∼ 0.15 and ∼ 0.02 at 1 and 10
TeV, respectively [29]. If secondary gamma rays do not con-
tribute significantly to VHE gamma-ray emission from blazars,
there should be a large drop in blazar counts at higher energy.
Therefore, cumulative source count distribution will be a clear
evidence of the secondary gamma rays. However, it requires
∼ 5.4 × 104 hr to survey all sky with exposures of 50 hr at each
FoV assuming the FoV of CTA as 7◦ [30]. Such an exposure is
unrealistic for a wide survey limited in time.
Let us consider an all sky survey with a fixed observing time
by multiple CTA pointing observations assuming the FoV of
CTA to be 7◦ ∼ 40 deg2 and considering array E configura-
tion [27, 30]. A 0.5 hr exposure of each FoV will allow one to
4
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Figure 3: Expected cumulative redshift distribution of VHE blazars with a blank field sky survey. The five panels correspond to different photon energies, as
indicated in the panels. Solid, dashed, dotted, and dot-dashed curve corresponds to a model without EBL, with EBL, with secondary gamma rays (B = 10−17 G),
and with secondary gamma rays (B = 10−15 G), respectively. We set the sensitivity of the CTA 5σ, 0.5 hr detection limit with array E [30], where we assume
sensitivity limit scales with the inverse square root of observational time. It will take ∼ 540 hr to perform this all sky survey. The dashed curve in the panel of
10 TeV is not shown, because the expected count is less than 0.1 at overall redshift range.
survey all sky (4pi str) in ∼ 540 hr (i.e. ∼ 1000 pointing obser-
vations). Since the typical total observable time for IACTs is
1000 hr in a year, and CTA will have both north and south sites
to cover the entire sky, this long term observation can be ac-
complished as a multi-year project. We note that the detection
limit of 0.5 hr exposure of CTA is equivalent to that of 50 hr
exposure of current generation of IACTs.
Figure 3 shows the cumulative redshift distribution in the en-
tire sky above five energy thresholds (30 GeV, 100 GeV, 300
GeV, 1 TeV, and 10 TeV) with 0.5 hr exposure for each FoV.
We estimate the 5σ sensitivity limit with 0.5 hr exposure from
5σ, 50 hr detection limit by assuming that sensitivity limit
scales as the inverse square root of observation time [30]. For
B = 10−17 G, the secondary gamma-ray scenario predicts 100,
130, 150, 87, and 8 blazars above 30 GeV, 100 GeV, 300 GeV,
1 TeV, and 10 TeV, respectively. For B = 10−15 G, these num-
bers become 79, 96, 110, 63, and 6, respectively. We sum-
marize the expected blazar counts for this survey mode in Ta-
ble 1. The highest redshift will extend up to z ∼ 8 and z ∼ 5
for B = 10−17 and 10−15 G, respectively. This prediction dif-
fers dramatically from what would be expected in the absence
of secondary gamma rays, in which case the highest redshift
is z < 0.4. As discussed above, this difference arises because
secondary gamma rays are generated not at the source, but con-
tinuously along the line of sight, and the fraction produced rel-
atively close to the observer is not attenuated. Since stronger
IGMF suppress the secondary gamma-ray flux at lower energy,
lower IGMF allows us to detect higher redshift objects. There-
fore, statistical samples with a shallow survey will allow one to
obtain a clear evidence of the secondary gamma-ray production
and to probe the IGMF strength.
Let us now consider 50 hr exposure of each FoV with total
observing time ∼ 540 hr (i.e. 10–11 pointing observations).
One can cover only ∼ 1% of the entire sky in this mode. The
secondary gamma-ray scenario predicts the expected number of
sources as 7, 8, 8, 5, and 1 above 30 GeV, 100 GeV, 300 GeV,
1 TeV, and 10 TeV, respectively, in the case of B = 10−17 G,
while these numbers will be 6, 7, 5, 4, and 1 in the case of
B = 10−15 G. Therefore, in a fixed observable time, a wider and
shallower survey will have an advantage in being able to detect
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Table 1: Expected blazar counts for all sky survey with 0.5 hr exposure of each FoV
Energy
>30 GeV >100 GeV >300 GeV >1 TeV >10 TeV
no EBL, no secondary 63 130 280 240 24
EBL, no secondary 38 47 50 20 < 1
Secondary (B = 10−17 G) 100 130 150 87 8
Secondary (B = 10−15 G) 79 96 110 63 6
more sources in total, and more sources at higher redshifts, in
all energy bands.
In this paper, we assume Lp,bol = Lγ,bol (see Section. 2.2
for details). However, the ratio of proton and photon powers is
still unknown. If proton power is ten times higher than pho-
ton power, Lp,bol = 10Lγ,bol, the expected counts for the all
sky survey mode with 0.5 hr exposure for each FoV will in-
crease. Those will be 490, 620, 690, 440, and 92 blazars above
30 GeV, 100 GeV, 300 GeV, 1 TeV, and 10 TeV, respectively,
for B = 10−17 G, while those will be 320, 400, 440, 330, and
72, respectively, for B = 10−15 G. These counts are not simply
scaled by a factor of 10 from those in the case of Lp,bol = Lγ,bol
due to the cosmological evolution of blazars.
After one determines the spectral template of primary gamma
rays from blazars and the blazar GLF at an energy band where
EBL and secondary gamma rays do not alter the spectra of
sources, cumulative source count distribution at VHE will en-
able one to constrain the strength of the IGMF by comparing
the observed counts with the expected counts. Although one
must assume a specific EBL model, EBL models are currently
well constrained by various galaxy formation and reionization
data [see e.g. 11].
We note that there are uncertainties in the numbers predicted
above. The use of the blazar SED sequence and the secondary
gamma-ray SED is the key to converting the blazar luminos-
ity function in the GeV band into the VHE band. However,
the validity of the blazar sequence is still a matter of debate
[e.g. 93] and secondary gamma ray flux is strongly affected by
the strength of IGMF along the average line of sight, which is
unknown. We did not consider the time variability of blazars,
which is expected to occur on different time scales for pri-
mary and secondary gamma rays [94]. The luminosity function
model parameters of Ref. [29] have been determined only by
about 50 EGRET blazars, although it successfully reproduced
Fermi FSRQ local GLF. Since a half of Fermi BL Lacs have
unknown redshifts [49], it is still not easy to evaluate the blazar
GLF including BL Lacs with current Fermi samples. A blazar
GLF with future complete Fermi blazar sample will enable us
to make more precise prediction. Moreover, our GLF is uncer-
tain for z > 3 because the current observed number of X-ray
AGNs and gamma-ray blazars above z ∼ 3 is insufficient to
strongly constrain the model [95] 4. Finally, our model includes
only the known blazar population. A completely different and
new extragalactic population such as starburst galaxies and ra-
dio galaxies may be found by a blind survey, which is probably
4A gamma-ray blazar candidate at z ∼ 3–4 is reported [96].
the most exciting possibility and a strong motivation for the sur-
vey.
4. Summary
We have considered the impact of secondary gamma
rays [10, 21–24, 32, 40, 94] on the future of VHE gamma-ray
sky survey by CTA. We find that secondary gamma rays will
enable CTA to detect 100, 130, 150, 87, and 8 blazars above
30 GeV, 100 GeV, 300 GeV, 1 TeV, and 10 TeV, respectively,
in the case of 0.01 femtogauss strength (B = 10−17 G), while
the same numbers will be 79, 96, 110, 63, and 6 in the case of
IGMFs of femtogauss strength (B = 10−15 G). The required to-
tal survey time will be 540 hr, where we set 0.5 hr exposure for
each FoV. In the absence of secondary gamma rays, one would
not expect such a large number of sources [29, 30]. Moreover,
secondary gamma rays will enable CTA to observe sources up
to z ∼ 5–8. To observe a large number of sources, a wider and
shallower survey is favored. The enhancement of the number
of sources and wide redshift range of blazars in a future CTA
blazar samples obtained by the survey will elucidate the role of
secondary gamma-ray scenario and enable statistical studies of
the properties of blazars, such as their evolution.
The detectable number of blazars is also sensitive to IGMFs
due to magnetic deflection effect which is significant at lower
energy. Redshift distribution of the CTA blazars obtained
by the survey enables us to probe IGMFs statistically. This
method will be a complementary method to constrain the IGMF
strength from spectra of individual sources.
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